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Received September 18, 2010 . Accepted September 23, 2011 . Available online October 7, 2011 . Published November 14, 2011 Metabolic changes such as the development of dyslipidemia, insulin resistance, glucose intolerance, and abnormal redistribution of body fat (loss of subcutaneous adipose tissue and increase of visceral fat), known as human immunodeficiency virus lipodystrophy syndrome (HIV-LS), represent a challenge in the treatment of HIV infection. These changes constitute risk factors associated with the development of cardiovascular diseases (1) (2) (3) . Increased incidences of myocardial infarction (4), atherosclerotic disease and mortality related to cardiovascular events have been observed in people living with HIV/AIDS (5, 6) . Cardiovascular diseases constitute the third or fourth leading cause of death among HIV-positive individuals in Europe (7) . Moreover, lipodystrophic body changes can jeopardize the quality of life of patients, leading to low adherence to highly active antiretroviral therapy (HAART) and subsequent virologic and clinical failure (8, 9) .
Despite the impact of the lipodystrophic syndrome on the treatment of HIV infection, and although this syndrome was identified in 1998 (1), little is known about its pathogenesis, prevention, diagnosis, and treatment. Furthermore, there is no precise definition of lipodystrophy, which leads to significant variation in reports on prevalence (20 to 80%), incidence, risk factors, and response to interventions (10, 11) . Current data suggest a multifactorial pathogenesis, with the major contributing factors being the choice of treatment and patient-related factors. The risk of developing this syndrome increases with the duration of treatment, patient's age, the level of immunodeficiency, changes in the viral load, and the type of antiretroviral regimen (12) (13) (14) .
Dyslipidemia is a frequent side effect of antiretroviral therapy, especially in combinations that include protease inhibitors (PIs) and nucleoside reverse transcriptase inhibitors (NRTIs). Hypertriglyceridemia, already known to be associated with HIV infection (15) , is the most common lipid abnormality; it occurs alone or in association with hypercholesterolemia, especially in patients with evidence of body fat abnormalities. Additionally, many HIV patients have low levels of high-density lipoprotein cholesterol (HDL-C), and these levels are further reduced by antiretroviral drugs.
Studies have shown that PIs and some NRTIs, especially stavudine (d4T), increase the levels of triglycerides (TG), total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) but reduce HDL levels. In contrast, regimens with nevirapine and efavirenz (non-NRTIs -NNRTIs) show lower atherogenic effects on lipid profiles (4, 8, 16) . The effects of HAART on the pathogenesis of dyslipidemia are compounded by environmental, genetic, nutritional, and behavioral factors (17, 18) .
The lack of a clearly defined pathogenesis for HIV-LS has limited the development of preventive and therapeutic strategies. Therefore, general recommendations include changes in diet and lifestyle, modification of antiretroviral therapy (replacing PIs with NRTIs or replacing d4T and zidovudine (AZT; NRTI), for example, with abacavir (ABC; NRTI) or tenofovir (TDF, NRTI) and the use of hypolipemics (19) .
Patients on antiretroviral therapy should be monitored for cardiovascular events because, despite modifications in antiretroviral therapy, for example, replacing PIs with NRTIs and d4T and zidovudine (AZT; NRTI) with (ABC; NRTI), and the resulting decrease in TG levels, they remain at increased risk (5, 18) .
It is important to determine, recognize, follow-up, and treat metabolic changes and HIV-LS in individuals with HIV/AIDS. This has been well established, especially for patients with risk factors or with pre-existing lipid changes even before HAART, so as to prevent heart disease and other severe complications (20, 21) .
Therefore, this problem poses a challenge to the reference centers that provide follow-up services to individuals living with HIV and AIDS, and it requires a multidisciplinary approach. The aim of the present study was to analyze the impact of antiretroviral therapy on the lipid profile of HIV patients following an antiretroviral regimen as established by the Brazilian Consensus (22) , and to determine the prevalence of dyslipidemia/lipodystrophy pre-and post-HAART.
Material and Methods

Participants and design
We conducted a cross-sectional analysis of patients receiving antiretroviral therapy at the Sagrada Família reference center, Belo Horizonte, MG. The study included patients with confirmed HIV infection who met Brazilian guidelines to initiate HAART (22) , who were 18 years or older and who had received antiretroviral drugs at least once during the period of evaluation. Transfer from another reference center was the only exclusion criterion. The study was evaluated and approved by the Ethics Committee of Universidade Federal de Minas Gerais (322/06) and all patients gave written informed consent to participate.
Exposure and outcome measurements
Standardized and tested forms were used to collect data from medical charts. Patients were included if their records included results for at least one lipid test [TG, TC, HDL-C, LDL-C, and very low-density lipoprotein cholesterol (VLDL-C)] within a period of three months before or after the first HAART prescription (23) . Additionally, patients who received a diagnosis of dyslipidemia/lipodystrophy after the first HAART prescription were included.
We recorded demographic characteristics (gender and age), clinical characteristics (time between the positive HIV test and the first antiretroviral (ARV) prescription, initial clinical classification [according to the definition of the Centers for Disease Control and Prevention, CDC, (24)], initial immunological profile (CD4+ lymphocyte count) and characteristics related to antiretroviral treatment (prescribed ARV regimen).
Outcome variables
Dyslipidemia was defined according to two criteria after the beginning of HAART: 1) laboratory data showing lipid levels above reference values according to the US National Cholesterol Education Program (NCEP III) (20) and IV Brazilian Guidelines (23) , that is, TC ≥5.2 mM, HDL-C <1.0 mM (males), HDL-C <1.3 mM (females), TG ≥1.7 mM, LDL-C ≥4.14 mM, and VLDL-C >1.0 mM, and 2) clinical criteria, such as having at least one recorded diagnosis of dyslipidemia/lipodystrophy.
Lipodystrophy was defined on the basis of changes in the redistribution of fat deposits and included both lipohypertrophy (visceral fat accumulation in the abdomen; accumulation of subcutaneous fat; accumulation of fat in the breasts; accumulation of fat in the cervical region (hump), and lipomas) and lipoatrophy (loss of fat in the legs, arms, gluteal region, and face; visible veins in upper and lower limbs). The diagnosis of lipodystrophy was established when the doctor identified and recorded at least one of these typical changes (22, 23) .
Statistical analysis
A paired statistical test was used for the comparison of serum lipid levels pre-and post-HAART initiation. The Student t-test was used for independent samples and matched pairs. Nonparametric chi-square, Mann-Whitney, and Wilcoxon matched-pairs tests were used. For all tests, a P value <0.05 was considered to be statistically signifi-cant. The variability in TC, HDL-C, LDL-C, VLDL-C, and TG levels was evaluated using the mean, standard deviation (SD) and interquartile variation (1st and 3rd quartiles). EpiInfo version 3.3.3 (CDC, USA) and SPSS ® version 16 were used for data analysis, and Paradox DOS ® version 4.5 was used for database maintenance.
Results
Study population
Among the 692 patients identified from the medical records, 620 met the eligibility criteria for the current analysis. No statistically significant difference was observed between participants and non-participants in terms of age, gender, education, income, or employment.
Of these 620 patients, the majority were males (66.5%) and more than half were under 39 years of age (55.2%; median = 38; mean ± SD = 39.2 ± 9.9 years), ranging in age between 18 and 78 years. The majority lived alone (68.8%) and had a low educational level (60.4%; median = 8.0 years; mean ± SD = 7.6 ± 3.9 years) and monthly income below US$198 (51.0%); 17.2% did not have a job when they started HAART.
Dyslipidemia/lipodystrophy assessment
The prevalence of dyslipidemia/lipodystrophy after initiation of HAART was 32.4% (95%CI = 28.8-36.3%) compared to 11.3% before HAART (95%CI = 10.5-16.0%), a statistically significant difference (Table 1) . Laboratory test results were available for 112 patients (18.1%); 61 of them (9.8%) showed alterations in lipid levels after HAART initiation, and 26.1% were diagnosed with dyslipidemia/lipodystrophy. In comparison, in the pre-HAART period, laboratory and clinical diagnoses of dyslipidemia/ lipodystrophy were found for 51 (8.2%) and 24 patients (3.9%), respectively; this difference was statistically significant (Table 1) . For the comparisons of serum lipid levels pre-and post-HAART, a matched-pairs test showed that the means for all lipid values increased after HAART and that there was a statistically significant difference in total cholesterol and VLDL-C ( Table 2) .
The characteristics of the study population investigated according to the presence of dyslipidemia are shown in Table  3 . Patients with dyslipidemia/lipodystrophy were generally older (average age 40.2 vs 38.5 years; P = 0.007).
Based on clinical and immunological data (24), most participants had AIDS-related symptoms before the first ARV prescription (categories B and C = 60.7%). Among patients with dyslipidemia/lipodystrophy, most individuals had TCD4+ lymphocyte counts lower than 200 cells/mm 3 (P = 0.010; Table 3) .
Forty-four different antiretroviral regimens were being prescribed at the center; they included NRTIs, NNRTIs, PIs, and fusion inhibitors. Nearly all regimens included an NRTI (99.7%), and stavudine was prescribed for 15.0% of patients. NNRTIs were included in 65.9% of the prescribed regimens. Most of the patients received a triple-drug regimen including two NRTIs plus an NNRTI (64.8%) or a PI (31.8%). The most frequent regimen consisted of AZT + lamivudine (3TC) with efavirenz [2 NRTIs + 1 NNRTI] (45.3%). One hundred and ninety-nine patients (32.1%) used a PI, with nelfinavir being the most frequently used PI (12.5%). Table 3 shows the differences between ARV regimens and the association with dyslipidemia/lipodystrophy. It was noted that individuals using PI-based regimens with any Data for triglycerides and total cholesterol are reported as means (1st and 3rd quartiles) and for HDL-C, LDL-C and VLDL-C as means (± SD). HAART = highly active antiretroviral therapy; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; VLDL-C = very low-density lipoprotein cholesterol; a Wilcoxon matched-pairs test; b Student t-test for matched pairs; *P < 0.05 compared to pre-HAART. other drug class presented a higher prevalence of dyslipidemia/lipodystrophy, especially when the regimen included d4T (51.2%) versus any other drug class (31.0%; P = 0.006).
A lower prevalence of dyslipidemia/lipodystrophy was found among patients using NNRTI-based regimens (29.7%) with any other drug class (37.9%; P = 0.041). HAART duration ranged from 11 days to 4.6 years, with a mean of 28.6 months (SD = ± 470.19 days) and a median of 30.1 months. Individuals who developed dyslipidemia/ lipodystrophy had a longer exposure to HAART compared to those who did not develop dyslipidemia/lipodystrophy (978.9 ± 429.3 vs 799.1 ± 478.2 days; P <0.000; Table 3 ).
Discussion
In this study, among the 620 individuals undergoing HAART, 201 (32.4%) had at least one metabolic change and one diagnosis of dyslipidemia/lipodystrophy recorded in their medical charts. There was an approximately 3-fold increase in the prevalence of dyslipidemia/lipodystrophy in this population after the initiation of HAART compared to the pre-HAART period. Although the prevalence observed here is consistent with estimates reported by other investigators (10, 18) , there is a great deal of variation in the literature, with estimates ranging from 18 to 83% (1,7-10,25).
There was a significant increase in the proportion of individuals with high levels of TG, TC and VLDL-C, while the proportion of individuals with high HDL-C remained the same after HAART. A matched-pairs statistical test comparing serum lipid levels pre-and post-antiretroviral treatment showed an increase in the mean values of all lipids and a decrease in the mean HDL-C level in patients receiving HAART, with no statistical significance for TG, HDL-C or LDL-C.
This finding is consistent with the results of Pujari et al. (8) , who found that among patients with an average of 20 months of HAART, 41 and 45% developed hypertriglyceridemia and hypercholesterolemia, respectively. The authors pointed out that increased LDL-C is the principal risk factor for the development of coronary artery disease. Moreover, Bergersen et al. (7) found an increase in cholesterol and a decrease in HDL-C in patients using HAART when compared to a control group (no HAART). de Araújo et al. (26) pointed out an increase in TC and TG in patients receiving PIs. Carpentier et al. (27) reported a significant increase in VLDL-C after a short period of HAART (8 weeks). The DAD study (Data Collection on Adverse Events of Anti-HIV Drugs) found that hypercholesterolemia occurred in 27% of the patients using PIs, 23% of the patients using NRTIs and 10% of patients using NNRTIs, with the prevalence of hypertriglyceridemia being 40, 32, and 23%, respectively, among these subgroups (5) .
In the present study, after comparing serum lipid levels pre-and post-HAART initiation, a matched-pairs statistical test revealed an increase in mean TG values, with no statistical significance. This finding may reflect, at least in part, the wide variability in the duration of antiretroviral therapy (11 days to 4.6 years) and the fact that a large proportion of patients used NNRTIs (65.9%). Buchacz et al. (28) compared changes in lipid profiles over 24 months among adults and found that the mean TG levels were higher at 12 months compared to baseline levels (P = 0.40). Over 24 months of treatment, TG decreased by an average of 3.8 mg/dL. The authors concluded that TC levels increased over the course of 24 months of NNRTI-based treatment but that relatively few patients developed high LDL-C or TG levels, although the overall HDL-C levels increased as well.
Our findings emphasize the need to establish strategies for the follow-up and control of dyslipidemia (29) (30) (31) . Metabolic abnormalities can increase cardiovascular risk in some patients in the long term. Our results confirm the influence of other factors besides ARV toxicity on the development of dyslipidemia/lipodystrophy, such as age and severity of the infection, which have already been discussed in other studies (10) (11) (12) (13) 25) .
The metabolic changes resulting from HAART can also occur in patients who receive regimens containing NRTIs without PIs. This suggests that PIs may not be the only antiretroviral drugs implicated in the pathogenesis of these alterations (13, 17, 25, 26, 28) . Our findings corroborate this hypothesis. The patients exposed to PIs in regimens that also included any other drug class presented a higher prevalence of dyslipidemia/lipodystrophy (P = 0.051) compared to patients not exposed to PIs. The inclusion of reverse transcriptase analogues in PI-based regimens significantly increased the occurrence of dyslipidemia/lipodystrophy (P = 0.041) among the patients. Other studies have reported evidence that NRTIs are highly associated with dyslipidemia/ lipodystrophy (9, 13, 25) .
Some studies have suggested a synergism between the action of NRTIs and PIs (8, 24) . Mallal et al. (11) showed that NRTIs contribute independently to the development of metabolic syndrome but also that PIs seem to be the major risk factors, probably acting in synergy with NRTIs. In our study, a strong association was observed between d4T exposure (in association with any ARV) and dyslipidemia/lipodystrophy when compared to patients without d4T exposure (46.2 vs 30.0%; P = 0.002). The risk of dyslipidemia/lipodystrophy was increased when patients were exposed to the association of d4T with PIs in their regimen. Approximately 51.0% of these patients presented metabolic changes (P = 0.006). Among patients following d4T regimens without a PI, the prevalence of dyslipidemia/ lipodystrophy dropped from 51.2 to 37.5%. The results of this study suggest a synergistic effect of NRTIs and PIs, especially when d4T was included.
Antiretroviral regimens containing NNRTIs, especially nevirapine, have been associated with favorable changes in patients' lipid profiles (smaller increase in TC, TG and LDL-C and a proportionally greater increase in HDL-C) compared to PI-, NRTI-or efavirenz-based regimens (3, 25) . The present results support these reports, with patients on an NNRTI-based regimen or an NNRTI + NRTI regimen presenting a lower proportion of dyslipidemia/lipodystrophy when compared with patients on other regimens (29.7 vs 37.9, P = 0.041, and 29.4 vs 38.1%, P = 0.026, respectively). However, controversy remains. Fontas et al. (32) found an association between NNRTI-based regimens and high levels of TC and LDL-C.
The longest duration of treatment observed was for d4T-based regimens (median 97.4 months). The duration of ARV use in our study population was sufficient to observe the development of ARV-related metabolic changes. Tomazic et al. (13) reported an association between longer duration of treatment and dyslipidemia. Our findings that the duration of antiretroviral treatment and the use of PI-and NRTI-based regimens significantly increased the prevalence of dyslipidemia/lipodystrophy corroborate the cited report (13) . We should note that, even though patients on NNRTI-based regimens presented a lower prevalence of dyslipidemia/lipodystrophy, this prevalence increased with the duration of treatment (P = 0.001).
The prevalence of dyslipidemia/lipodystrophy increased 3-fold after the beginning of HAART. Patients receiving an NRTI + PI regimen or d4T (with any other ARV) had a higher rate of dyslipidemia/lipodystrophy than those treated with other regimens. The risk of dyslipidemia/lipodystrophy was exacerbated in patients previously exposed to a d4T + PI regimen. The mechanisms involved in d4T toxicity and the effects of its association with PIs deserve further investigation.
The limitations of the present study are primarily related to the data obtained from medical charts and laboratory tests. For example, TG analysis is not always conducted in a uniform manner when it comes to making the patient observe a 12-h fast and to avoid alcohol for 72 h prior to the test. This could contribute to the large standard deviations that we observed for TG levels. However, public health services comply with the national standards for serum lipid measurements. Secondly, due to the three-month interval between HIV follow-up consultations, the cut-off period for retrospective data on lipid levels was three months, even though lipid changes were already established after eight weeks of ARV treatment (20) .
Additionally, there was no information regarding the use of hypolipemic drugs, diabetes, hypothyroidism, diet, exercise, or other important lifestyle issues (smoking) during the study period.
The authors emphasize the need for continuous monitoring of patients on antiretroviral therapy, especially those on NRTI-based regimens and those using d4T and PIs. It should be pointed out that patients on NNRTI-based or NNRTI + NRTI regimens presented a lower risk of developing dyslipidemia/lipodystrophy. Interventions should be carried out to correct metabolic changes so as to attenuate the adverse effects of ARV on the health of HIV patients (29, 32) .
